Abstract: Prion diseases are a class of fatal neurodegenerative disorders that can be sporadic, genetic or iatrogenic. They are characterized by the unique nature of their etiologic agent: prions (PrP Sc ). A prion is an infectious protein with the ability to convert the host-encoded cellular prion protein (PrP C ) into new prion molecules by acting as a template. Since Stanley B. Prusiner proposed the "protein-only" hypothesis for the first time, considerable effort has been put into defining the role played by PrP C in neurons. However, its physiological function remains unclear. This review summarizes the major findings that support the involvement of PrP C in signal transduction.
), which is converted into new prion particles during the progress of the disease [2] . The main event in the conversion of PrP C into PrP Sc is a post-translational modification in which some -helix and random-coil elements of PrP C are refolded into -sheet-enriched secondary structures [3, 4] . Structural changes dramatically alter the biochemical properties of PrP C , which becomes insoluble, prone to aggregation and amyloid formation, and partially resistant to the effects of proteases [3, 5] .
THE CELLULAR PRION PROTEIN
Enzymatic digestion of brain extracts from affected animals and subsequent size-exclusion chromatographic analysis led to the isolation of a protein with a molecular weight of 27-30 kDa, designated PrP [27] [28] [29] [30] , which represents the resistant core of PrP Sc [6] . Edman sequencing of the PrP 27-30 N-terminal domain allowed Oesch et al. [7] to synthesize oligonucleotide probes and screen cDNA libraries derived from healthy and scrapie-infected hamster brains. A single chromosomal gene with a similar restriction pattern in both normal and affected animals was detected by Southern blot. The same gene was later found in humans, mice and other organisms [8] . The gene, named Prnp, is highly conserved across species and encodes for a protein of about 250 amino acids. The open reading frame of PrP C is contained into a single exon in all the known Prnp genes [9, 10] . PrP C is a ubiquitous protein, prevalently expressed in neurons [11] . Structurally, it consists of an N-terminal flexible tail containing binding sites for copper ions, known as octarepeats [12] , and a C-terminal domain, prevalently folded in -helices, as determined by nuclear magnetic resonance [13] . A signal peptide of 22 amino acids located at the N-terminus targets PrP C to the secretory pathway, where it undergoes a glycosylation process through the addition of two N-linked carbohydrate chains. Additionally, a second signal sequence of 23 amino acids mediates the attachment of a glycophosphatidylinositol (GPI) anchor to the C-terminal end of the protein (Fig. 1) [14] .
In its mature form, PrP C is a membrane protein linked to the outer layer of the cell surface through the GPI moiety. It is particularly abundant at the level of the detergent-insoluble membrane microdomains known as lipid rafts, which are enriched in cholesterol and sphingolipids [15, 16] . PrP C is naturally recycled between the cell surface and the endocytic compartment [17] . In some cells, PrP C undergoes endocytosis through the caveolae, which are invaginations of the plasma membrane containing the protein caveolin-1 [18] . In cells lacking caveolin-1, such as neurons, PrP C is translocated out of rafts upon copper binding and internalized through clathrin-coated pits [19] . Endocytosis of PrP C is also relevant in prion disease pathology, since the endosomal compartment has been identified as a putative conversion site for prions [20, 21] . 
. A -The secondary structure of mature PrP C consists of a flexible N-terminal domain containing five octarepeats and a globular C-terminal domain composed of 3 -helices (A, B, C) and two -strands (1 and 2). In addition, it contains two N-glycosylation sites, a disulfide bridge, and a GPI moiety connecting PrP C to the cell membrane. The tertiary structure of the globular domain is evolutionarily conserved, as seen by comparing the 3-dimensional structures of representative species. B -Human prion protein (pdb ID: 1QM0). C -Mouse prion protein (pdb ID: 1AG2). D -Chicken prion protein (pdb ID: 1U3M).
THE PHYSIOLOGICAL FUNCTION OF PRION PROTEIN -INSIGHTS FROM KNOCKOUT MODELS
In the early 1990s, several groups attempted to define the physiological function of PrP C by generating different PrP C -deficient mouse models. The first knockout mice for PrP C , Zurich I and Edinburgh, were created by disrupting the Prnp gene with the neo cassette sequence by means of homologous recombination [22, 23] . Those mice failed to show any gross pathological phenotype in terms of development and behavior. Only subtle abnormalities in circadian rhythms, memory and learning were described [24] [25] [26] . By contrast, another set of knockout models, Ngsk and Rcm0 mice, developed progressive ataxia due to extensive cerebellar atrophy and Purkinje cell loss [27, 28] . Further analyses demonstrated how the knockout procedure led to the formation of a chimeric transcript between Prnp and a paralog gene, named Prnd, located 16 kb downstream from the Prnp locus. The ectopic overexpression of Prnd in the brain, which encodes a protein called Doppel, induced the ataxic phenotype in Ngsk and Rcm0 mice by triggering apoptosis in cerebellar neurons [28, 29] . To exclude any compensatory mechanism occurring during the development of PrP C -null mice, Mallucci et al. [30] created a conditional knockout model to explore the effects of PrP C depletion on neuronal survival and function in the adult brain. No evidence for histological changes or neurodegeneration was found up to 15 months post knockout. The only differences were detected in the excitability of hippocampal CA1 neurons. Similarly, disruption of Prnp expression in cattle and goats resulted in no apparent developmental, physiological or anatomical abnormalities [31, 32] . Data from in vivo models substantially failed to pinpoint any important role for PrP C in neuronal physiology, except for its role in prion propagation. Indeed, PrP C -null animals are resistant to prion infection [31, 33] . Only recently, the knockdown of the Prnp hortologs in zebrafish embryos showed a strong loss-offunction phenotype characterized by a loss of cell adhesion and arrested gastrulation [34] . Due to the discrepancies between the different experimental models, many groups around the world have spent the past decade trying to solve this fascinating biological enigma. Several functions have been proposed for PrP C . A role in copper uptake and homeostasis has been hypothesized, considering that the octarepeats in the unstructured N-terminal domain bind copper in vivo [35] . Copper binding also seems to confer a protective role against oxidative stress to PrP C [36] . The slight abnormalities in circadian rhythms found in Zurich I null mice also suggested an involvement of PrP C in the control of molecular clocks and sleep-wakefulness patterns [24, 37] . A role in hippocampal-dependent spatial learning and memory formation has been proposed on the basis of the small impairments detected in Zurich I and Edinburgh mice [25, 26] . In the same mouse models, a participation in myelin maintenance in the peripheral nervous system and in the correct processing of sensory information by the olfactory system has been recently proven [38, 39] . In addition to its contribution to nervous system functions, evidence of PrP C modulating the immune system response has also been published [40, 41] . Several lines of evidence suggest that PrP C can bridge stimuli between the extracellular environment and the cellular milieu. This particular aspect of prion biology, with its highlights and implications in pathogenesis, will be discussed in more detail later in this article.
PRION PROTEIN AND THE RECEPTOR-LIGAND PARADIGM -LOOKING FOR INTERACTORS
The preferential localization of PrP C in lipid rafts suggested its possible involvement in signal transduction, as with other raft-associated GPI-anchored proteins [42] . Indeed, rafts are classically considered "hot spots" for signal transduction due to the local high concentration of signaling molecules [43] . The first event in signal transduction involves interaction between a ligand and a specific receptor. Usually, receptors are transmembrane proteins with a cytosolic domain that can transfer the signals from the outside to the inside of the cell [44] . In terms of PrP C as a receptor, the principal anomaly is the lack of an intracellular domain activating the cascade of molecular events in response to external stimuli. Therefore, many attempts have been made to identify the physiological ligands of PrP C that could serve as co-receptors and overcome the absence of transmembrane and cytoplasmic portions. A considerable number of interacting proteins have been associated with PrP C (for a comprehensive list see Aguzzi et al. [45] ). However, the biological significance of many of them still needs to be validated to exclude technical artefacts, especially for those proteins that are only present in the cytosol or in the nucleus. The principal interactors that have shown relevance in PrP C -mediated signal transduction are presented in this paper. Schmitt-Ulms et al. [46] used mild in situ cross-linking to preserve the microenvironment of PrP C on the membrane of murine neuroblastoma N2a cells. High molecular weight protein complexes containing PrP C were isolated and three splice variants of the neural cell adhesion molecule (NCAM) were discovered in the complexes through liquid chromatography. Following the yeast two-hybrid assay approach, the laminin receptor precursor (LRP) and laminin receptor (LR) were discovered as cell-surface binding partners of PrP C [47] . Additionally, the interaction between PrP C and the extracellular matrix glycoprotein laminin was characterized using in vitro binding assays between radiolabeled laminin and prion protein [48] . Later, by taking advantage of the complementary hydropathy theory, antibodies raised against a peptide mimicking the docking site of PrP C in a ligand [49] were used to look for interactors in Western blots from two-dimensional gels. The co-chaperone stress-inducible protein 1 (STI1) was identified in the screening as a cell-surface antigen, and its binding with PrP C was confirmed using pull-down assays and co-immunoprecipitation in vitro [50] . Since paraformaldehyde cross-linking and yeast two-hybrid assay are methods that can yield a high number of false positives, Rutishauser et al. [51] proposed a more physiological approach to characterize the interactome of PrP C . They carried out immunopurifications under native conditions of protein complexes from transgenic mice overexpressing a Myc-tagged version of PrP C . Several interactors were identified by quantitative mass spectrometry analysis. A group of them was identified as participating in axomyelinic maintenance, and seven of these co-eluted equimolarly with PrP C , suggesting they could be part of a multiprotein complex [51] . Recently, Lauren et al. [52] identified PrP C as a functional receptor for A-oligomers, the molecular species mediating toxicity in Alzheimer's disease (AD), via unbiased genome-wide expression cloning in COS-7 cells. This discovery attracted significant attention because it represented a potential link between TSEs and AD. However, while independent groups have confirmed the interaction between the two proteins, the role in AD pathophysiology remains controversial [53] [54] [55] . Table 1 summarizes the most important PrP C -interacting proteins.
As membrane proteins, all the aforementioned binding partners share the same sub-cellular environment with PrP C . Moreover, their interactions have been functionally validated as triggers of signal cascades that regulate important cell functions, such as neuroprotection, cell death and neurite outgrowth. All of the pathways controlled by PrP C will be discussed in this paper. 
PRION PROTEIN AND THE SRC FAMILY
The first evidence of a direct involvement of PrP C in signal transduction was provided by Mouillet-Richard et al. [56] , who used antibodies (Abs) against prion protein to mimic a putative physiological ligand of PrP C . They were able to describe the activation of Fyn upon Ab-mediated cross-linking of PrP C on the membrane of 1C11 cells, a murine line that can be differentiated in either serotonergic or noradrenergic neurons. Fyn is a member of the Src protein family, a group of nine non-receptor tyrosine kinases that play a pivotal role in the regulation of different aspects of cell physiology [57] . Fyn was also shown to mediate NCAM-induced neurite outgrowth [58] . Given that PrP C interacts with NCAM on the neuronal cell surface, Santuccione et al. [59] investigated whether PrP C plays a role in NCAM-mediated signaling. Using primary hippocampal neurons as a model, the authors demonstrated that PrP C directly interacts with NCAM and recruits its transmembrane isoforms in lipid rafts to activate Fyn through the receptor protein tyrosine phosphatase (RPTP) and to promote neurite outgrowth (Fig. 2) . Fyn-dependent axon elongation is enhanced not only by NCAM-PrP C interactions in cis, but also by trans interactions with recombinant PrP added to the culture medium, as shown in primary rat hippocampal neurons by Kanaani et al. [60] . These findings represented the first indicator of an involvement of PrP C as a signaling molecule in nervous system development. The functional interaction of prion protein with NCAM was also investigated in the light of TSEs, in order to assess whether the NCAM-mediated Fyn pathway is involved in prion propagation. In vivo experiments on knockout animals proved that neither NCAM -/-mice nor Fyn -/-mice exhibit differences in terms of incubation time and PrP
Sc deposition compared to wild-type mice [46, 61] . These data suggest that NCAM interactions are not necessary for prion conversion. Interestingly, increased levels of phosphorylated Fyn were detected in chronically prion-infected cell lines and in two separate animal models of prion disease [62] [63] [64] . Tentatively, the aberrant activation of Fyn upon prion infection could be explained by postulating a higher affinity of PrP Sc for NCAM, leading to an increment in its recruitment into lipid rafts. In the alternative, PrP Sc might trigger Fyn through still unknown interactions. It was recently shown that the deleterious effects on synaptic function due to PrP C and A-oligomer interactions also depend on Fyn activation, which leads to phosphorylation of the NR2B subunit of NMDA receptors and to their subsequent loss from the post-synaptic membrane [65] .
PRION PROTEIN AND THE MAP KINASES
In 2003, after discovering functional connections between PrP C and Fyn, the same group identified the extracellular signal-related kinase 1/2 (ERK1/2) complex as the downstream target of PrP C -Ab-mediated Fyn activation [66] . ERK1/2 takes part in the mitogen-activated protein kinase (MAPK) cascades, a group of signaling pathways that are strongly conserved in eukaryotes. They govern a broad range of cellular processes, from cell proliferation and differentiation to apoptosis and inflammation [67] . Different interacting partners have been shown to activate the ERK pathway upon PrP C binding on the cell surface. Mouse hippocampal neurons treated with either full-length STI1 or its PrP C -binding fragment STI1 [230] [231] [232] [233] [234] [235] [236] [237] [238] [239] [240] [241] [242] [243] [244] [245] show increased levels of the active form of ERK1/2 [68] . The treatment affects both neuritogenesis and neuronal survival. However, neuroprotection resulted independently from ERK cascade activation, which only regulates axonal elongation. Surprisingly, PrP C -dependent neurite outgrowth in rat hippocampal neurons is not blocked by ERK inhibitors [60] , suggesting that PrP C could modulate the same biological effect through different pathways in different species and cytotypes, according to the specific subset of interactors expressed by the cell. For example, Schneider et al. [66] highlighted how the presence or the absence of a functional PrP C -caveolin-Fyn ternary complex in different cell types might result in alternative PrP C -dependent pathways converging on the MEK-ERK1/2 module. As for Fyn kinase, many attempts have been made to connect MAPK signaling to prion pathology. The discovery that ERK1/2 activation is controlled by NADPH oxidase-dependent reactive oxygen species (ROS) production offered an interesting link between the two fields [66] . Pietri et al. [69] further explored the hypothesis of a possible alteration of the redox equilibrium after prion infection. They found that the treatment of 1C11 and GT1 cells with the neurotoxic and amyloidogenic PrP 106-126 peptide leads to overproduction of ROS and sustained activation of MAPK cascades, which are associated with apoptotic signaling. Studies by other groups supported that hypothesis. Indeed, neuronal cells exposed to PrP Sc resulted in aberrant ERK pathway activation [64, 70] , which also occurs in the brains of prion-infected hamsters [71] [72] [73] . These findings reveal a possible scenario in which prion conversion promotes the hyper-activation of specific MAPK pathways leading to neuronal death through ROS production (Fig. 3) . In addition, considering the protective activity of PrP C against oxidative stress, prion replication might also subtract an important ROS buffer from the cell, as proved by the augmented susceptibility of PrP C -deficient cells to oxidants [74] . Notably, pharmacological inhibitors of ERK phosphorylation were shown to clear PrP Sc from prion-infected cells [75] , suggesting a direct role for the ERK pathway in prion formation. By contrast, Uppington et al. [76] have shown that inhibiting the ERK pathway in prion-infected cells results in increased cell death and suggested that the increased activity of the ERK pathway has a protective role against prion-induced neurotoxicity. 
PRION PROTEIN AND PROTEIN KINASES A AND C
The cAMP-dependent protein kinase A (PKA) cascade is one of most studied and well known signaling pathways [77] . It is a powerful cell regulator that controls a myriad of different cell functions, such as cytoskeletal dynamics, cell migration and adhesion [78] . In prion biology, PKA seems to mediate principally neuroprotective signals, as demonstrated for the first time by Chiarini et al. [79] in their work on retinal neurons. Indeed, they showed how treatment with a PrP C -binding peptide could rescue anisomycin-induced apoptosis in organotypical retinal explants from wild-type mice but not from Prnp knockout animals. The exposure to the peptide leads to an increase in the intracellular concentration of cAMP and the competitive inhibitors of PKA consistently block the neuroprotective effects. Neuroprotection was also obtained in hippocampal neurons exposed to either recombinant STI1 or the STI1 230-245 peptide [68] . ST1-PrP C interactions are responsible for the activation of both ERK and PKA pathways. The latter mediates neuronal survival, which is abrogated by PKA inhibitors, while ERK inhibitors have no effect. On the contrary, the PKA and ERK pathways have been recently shown to act synergistically in mediating memory processing through PrP C -laminin interactions on the neuronal surface [80] . While the participation of PKA signaling in PrP C biology is consolidated, there is much less evidence in the literature about a possible involvement of the phospholipid-dependent serine/threonine protein kinase C (PKC) [81, 82] . Using splenocytes from wild-type and PrP C -deficient mice, Mazzoni et al. [83] discovered that Prnp 0/0 splenocytes display a defective PKC/ phosphorylation that affects splenocyte mitosis. PKC also seems to be involved in mediating axon elongation in primary rat hippocampal neurons exposed to recombinant PrP, as PKC inhibitors block its effects on neurite outgrowth [60] . Moreover, a putative interaction between PrP C and PKC was shown by immunoprecipitation in prion protein-enriched fractions from cerebellar granule cells [84] . Recently, a possible role for PKC in prion pathology was described in a murine model of BSE [85] . Decreased levels of phospholipase C1 and PKC were detected in BSE-infected bovine-PrP C transgenic mice 270 days post-inoculation, at a time when pathological signs start manifesting.
PRION PROTEIN AND THE PI3K/AKT PATHWAY
The phosphatidylinositol 3-kinase/AKT (PI3K/AKT) pathway is mainly involved in the regulation of fundamental cellular processes and in cancer progression [86, 87] . The first evidence of a biological effect mediated by PrP C through the PI3K/AKT cascade was provided by Chen et al. [88] , who showed that the PI3K inhibitor wortmannin is able to block axon elongation induced by the fusion protein PrP-Fc in mouse cerebellar granules. In subsequent years, the main role ascribed to the PI3K/AKT pathway was conveying PrP C -dependent neuroprotective signals in response to different injuries. Indeed, in a model of ischemic brain injury, Prnp 0/0 mice showed increased infarct volume and reduced phospho-AKT levels after ischemia compared to the controls [89] . Moreover, caspase-3 activation was more pronounced in the Prnp 0/0 mouse cortex and basal ganglia than in wild-type animals [89] . The same group later showed that PrP C overexpression could reduce ischemic areas, but not change post-ischemic AKT phosphorylation [90] . Reduced AKT phosphorylation in response to oxidative stress was also detected in two PrP C -deficient cell lines, hippocampal HpL and neuroblastoma N2a cells, compared to the PrP C -bearing counterpart [91, 92] . Interestingly, the effects of PrP C on PI3/AKT activation seem to rely on copper binding through the octapeptide repeats [91] . The neuroprotective activity of the PI3K/AKT pathway has been demonstrated to be impaired upon exposure to the neurotoxic PrP peptide in neuronal cells [93] . Prion replication seems to interfere with neuronal protein synthesis of survival factors, which is positively stimulated by PI3K [94] . All of the experimental data outline a key role for the PI3K/AKT pathway in the TSE phenotype. Indeed, the disruption of PI3K signaling might explain the cell death that occurs in prion diseases. It could represent a potential target for therapeutic treatments of TSEs.
PRION PROTEIN AND CALCIUM SIGNALING
Intracellular calcium signaling is a universal and versatile regulator of many cellular processes. Several extracellular agonists are able to trigger free intracellular calcium concentration increases by opening selective channels located on the cell membrane and on the membranes of cell organelles [95] . Especially for neurons, local calcium fluctuations are important for synaptogenesis, synaptic transmission, plasticity and cell survival [96] . The first clue of a possible role of prion protein in the regulation of calcium homeostasis was provided by electrophysiological studies on Prnp knockout mice. Indeed, disruption of calcium-activated K + currents was recorded in hippocampal CA1 pyramidal cells and cerebellar Purkinje cells from PrP C -deficient mice [97] [98] [99] . Herms et al. [100] proposed that the lack of PrP C does not affect the K + channels directly, but modulates their activity by controlling intracellular calcium homeostasis via calcium influx through L-type voltage-sensitive calcium channels. This hypothesis was corroborated by several experimental observations. Synaptosomes treated with recombinant PrP show a dose-dependent increase in the intracellular concentration of calcium that is fully blocked by gadolidium chloride, a potent inhibitor of voltage-sensitive calcium channels [101] . Recombinant PrP was also demonstrated to modulate voltage-sensitive calcium channels in primary cerebellar granule cells [102] . A few years later, the initial hypothesis was revisited by Powell et al. [103] , who explained the differences in calcium homeostasis seen in PrP C -deficient mice as a consequence of calcium buffering in the endoplasmic reticulum (ER). Lazzari et al. [104] described a dramatic increase of cytosolic calcium in PrP C -deficient granule neurons due to lower expression of PMCA and SERCA, the two major calcium-extruding pumps respectively located on the cell membrane and the ER. Both hypotheses, direct control of calcium homeostasis through modulation of the activity of calcium channels on the cell membrane or indirect control through regulation of the expression of calcium-related proteins in the cytosol, seem realistic. It is not excluded that both mechanisms may concur to the final regulation exerted by PrP C . Another piece of evidence of the tight connection between prion biology and calcium signaling is that prion diseases are characterized by derangements in calcium homeostasis. Not surprisingly, dysmetabolism of calcium is a common feature of various neurodegenerative diseases [105] . Kristensson et al. [106] were the first to show that prion infection consistently reduces or fully blocks calcium increases upon bradykinin treatment in mouse neuroblastoma N2a and hamster brain HaB cells. A similar impairment was found in calcium-activated K + currents in prion-infected mice and hamsters [107, 108] . Notably, prions were shown to impair neuronal excitability and viability by blocking L-type voltage-sensitive calcium channels [109] [110] [111] . In addition, alterations in ER calcium homeostasis were registered in infectious and familial models of TSEs [112] . Although not all of the cellular events of PrP C -mediated calcium signaling are well understood, perturbations of calcium homeostasis are likely to concur to the neuronal loss observed in TSEs.
PRION PROTEIN SIGNALING: IS THERE A COMMON PATTERN?
Understanding the physiological function of PrP C is not just a matter of basic science. The identification of the cellular activities in which PrP C takes part will also help in defining the molecular mechanisms of neurodegeneration elicited by its pathological counterpart. However, the lesson that we can learn from the study of all of the pathways controlled by PrP C is not immediately obvious. Indeed, the analysis of the whole body of experimental evidence does not lead to a conclusion of an unambiguous role for PrP C in cell signaling. A considerable number of different and apparently unrelated cellular processes seem to be modulated by PrP C through different pathways (Fig. 4) . Nevertheless, if we focus our attention on the commonalities shared by the different cascades, it can be reasonably stated that PrP C activity is somehow beneficial for the organism and its absence makes the cells more vulnerable to different types of stress. In particular, PrP C seems to promote differentiation and cell survival in neuronal and non-neuronal cells via multiple pathways. In this light, it can be speculated that the loss-of-function of PrP C (due to PrP C -PrP Sc conversion) might also contribute to the TSE phenotype rather than the sole neurotoxic activity of PrP Sc . Fig. 4 . The role of cellular prion protein in signal transduction. The diagram summarizes the pathways modulated by prion protein in different experimental conditions. In particular, the triggering of signal transduction is shown. This can be due to soluble recombinant PrP (A); Ab-mediated PrP C dimerization (C); or interactions with physiological ligands such as NCAM (B), STI1 (D) or laminin (E). Moreover, effects on signaling have been detected through comparisons between wild-type and PrP C -deficient animal models (F). In general, the main biological functions mediated by PrP C pertain to differentiation (neuritogenesis), cell survival and memory. A role in calcium homeostasis (F) has been also proposed for PrP C , through action on voltage-gated calcium channels (VGCCs) on the cell membrane or on the SERCA calcium pump on the endoplasmic reticulum. This hypothesis is supported by the evidence that no strict correlation exists between cell death and PrP Sc deposition within the CNS of TSE patients [113] . The lack of a strong pathological phenotype in PrP C -deficient animal models contrasts with the proposed scenario and still needs to be explained. One possible interpretation could be the existence of compensatory mechanisms supplying PrP C function in steady-state conditions. Alternatively, it may be hypothesized that PrP C is an ancillary protein with no autonomous function, but its presence in the organism is still important because it might work as a fine tuner of specific cellular responses to particular stimuli. In both cases, the investigation of dynamic responses under defined stress conditions may be the key to detecting a clear Prnp knockout phenotype.
CONCLUDING REMARKS
If we consider the set of biological processes controlled by PrP C , a significant question remains. What is the biological function of prion protein? Based on the available data, this question could have more than one correct answer. The modular structure, the variety of binding partners and the strategic localization in lipid rafts suggest that PrP C could serve as a dynamic platform on the cell surface with the capability to assemble multicomponent complexes through its different domains and trigger different signaling pathways, according to the physiological state of the cell and the specific cytotype (Fig. 5) . The idea that Fig. 5 . Cellular prion protein works as a scaffold protein on the cell membrane. Prion protein is able to interact with different binding partners at the cell surface and it takes part in different signal cascades. It can be engaged in homophilic and heterophilic interactions either in cis (A) or in trans (B). According to the stimuli, it can also be recruited outside of lipids rafts in different membrane sub-domains, such as the endocytic compartment (C). a single pathway could mediate all the functions associated with PrP C is counterintuitive. Furthermore, other membrane proteins have shown a broad spectrum of functions contributing to cellular and tissue homeostasis, such as the molecules of the major histocompatibility complex (MHC), which have various functions beyond their classical role in presenting antigens to T cells [114] . Thus, once we accept the idea of PrP C as a scaffold protein, a reductionist approach may be argued not to represent the optimum strategy to investigate its pleiotropic nature. In this light, the "omic" tools that are now available could greatly help in providing an unbiased global view of the network of processes co-regulated by PrP C under defined physiological conditions. This systemic approach would aid not only in shedding light on one of the most intriguing puzzles of biology, but also in finding more effective therapies to treat TSEs.
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